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TIRE PROCESSING APPARATUS ASD METHOD 

Background of the Tn«.,n,... 

The present invention relates to treatment of 
waste pneumatic tires and si ra il ar to „ h , re3ilient 
materials, and particularly relate to a method and 
apparatus for reducing scrap tires i 3to pieces which are 
s-ll enough to be handled and transported easily and to 
be useful for further processing. 

Huge numbers of unusable pr^unatic tire 
carcasses are discarded annually. These tire carcasses 
contain quantities of synthetic and r,tural rubber 
material which is useful for n»ny ci^erent purpogea , 
except: for the fact that the bulHi.es, of tires has made 
it uneconomical i„ the past to recover the materials of 
which chey are made.. *any different machines have been 
-de which are able to reduce whol. tires into smaller 
Pieces of various sizo3> at variocs r.tes, and with „if- 
fer.n. . mounta o£ wll .bllity. See of those machines 
«. able to cut whole tires into seller pieces at a 
high rate, but the P lece S produced nay still be too 
largo for many applications. Example, of such machines 
are those of the ty P e disclosed in Hol.an, U.S. Patent 
No. 3,931,035, Rouso ct aK< ^ patMt A ^ 

*«« «ou 9 . ot .1., ..... Patents. 4.sw. 112 . Th.se 
-chines are enable of reducing w,,ole automobile and 
truck tires into smaller plecer, m Mt of which are 
elongate strips, with a ..„„,. paaa through ^ 
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Kisielewski, U.S. Patent No. 4,156,508 
suggests passing the lerger ones of those pieces a 
second time through the sam« shredder in order to reduce 
the pieces to a smaller size. This method, however, 
reduces the number of tires which can be shredded by th<_ 
machines in a given amoui.t of time. 

Plastics granulator machines which have been 
known previously are also useful in reducing pieces of 
rubber to smaller sizes- One such machine which has 
proven useful for pieces of rubber tires is the Model 
3250 granulator manufactured by Cumberland Engineering, 
a Division of Leesona Corporation, of Attleboro, Massa- 
chusetts. It includes stationary horizontal knives, and 
several short blades attached to a hub which rotates 
15 rapidly about a horizontal axis to reduce pieces or 

material including tough resilient material such as tire 
rubber into smaller pieces by shearing or crushing the 
material between the short blades and the horizontal 
knives. A screen surrounding the rotating knives 
retains pieces of material which have been fed into the 
apparatus, until they have been reduced to an acceptably 
small size and are *ble to escape by parsing through the 
screen. Apparatus of this type ia unable to handle 
large pieces of rubber such as whole tires efficiently, 
but has been used in the past to reduce to an acceptable 
size the pieces which have been produced by cutting 
apart whole tires. Such granulators operate with rubber 
most efficiently if fed smaller pieces of rubber at ? 
steady rate and if the reduction in size required ir. the 
granulator is not too great. 
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Pneumatic tire casings often contain metal 
wircn, both as tread reinforcements and in the bead por- 
tions of the tires. Such reinforcing materials inter- 
fere with some uses of the pieces of rubber which can be 
5 produced by cutting tires, but are themselves cf value 
when reclaimed. 

Feeding whole tires into shredding apparatus 
is frequently subject to short interruptions and often 
produces an output of shredded tires which is not 
10 completely steady. Occasionally, such apparatus becomes 
temporarily overloaded and must be stopped and cleared 
before disposal of such whole tires can be continued. 
. Preferably, this should not interfere with the rate of 
production of small pieces of material. 
15 None of the previously-known apparatus or 

methods, however, have provide' 3 . 2 dequately for reducing 
entire automobile and truck tires and similar tough, 
resilient objects and materials into small pieces, 
having maximum dimensions on the order of one inch or 
20 less, which ire easily transported and useful for chemi- 
cal treatment or further mechanical treatment and sub- 
sequent reuse of tne materials or components thereof. 

What is needed, then, is apparatus and a 
method for its use for reducing relatively large pieces 
25 of tough resilient materials, such i.s vehicle tires, 
into swall pieces at a high rate and j steady output 
which is not dependent on providing a completely 
continuous flow of wholft, -tires into the apparatus. 
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Summary of the Invention 

The present invention overcomes some of the 
shortcomings and disadvantages of the previously 
availab3e apparatus and methods for reducing large 
pieces of tough resilient material into much smaller, 
pieces, by providing an interrelated system of shredders 
and granulators, capable of reducing large pieces of 
tough resilient materials, such as whole passenger auto- 
mobile and truck tire carcasses, into elongate shreds 
having widths on the order of two or three inches, ar.d 
thereafter reducing those pieces successivly into 
smaller and smaller pieces in additional machines, while 
controlling the machines according tc the method of the 
invention so as to maxiaize the number of tires which 
can be reduced thus to pieces of a desired smaller size. 

In a first preferred embodiment of the inven- 
tion, whole tires or siailor large pieces of tough 
resilient material are fed by conveyor into a first 
shredder, preferably a rotary sh ? ar of the type includ- 
ing a P 3i r of counter-rotating cylindrical cutter rolls 
having intermeshed cutter disks provided with sharp 
edges which shear each tire into strips whose widths are 
related to the thicknesses, of the intermeshed cutter 
disks. The shreds produced by the first shredder are 
then conveyed to a second shredder of similar construc- 
tion,- but which may include cutter disks which are " 
thinner, in which the uhreds ace cut into smaller pieces. 
The pieces of material thus produced are then sorted, 
and pieces which have been reduced to a predetermined 
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size or smaller are transported to a temporary storage 
location. Larger pieces which have been sorted out are 
again fed through the two shredding machines until they 
have been sufficiently reduced in sire. 

Pieces which have been reduced to the desired 
size in the two shrudders are taken from the temporary 
storage location and delivered at a controlled rate to a 
.granulator of the type including horizontal fixed blades 
and rotary blades which interact with the fixed blades 
to reduce the size of piece3 until they are small enough 
to pass through a retaining screen. The amount of power 
required by the granulator is monitored and the rate of 
delivery of pieces of. material to the granulator is 
controlled in response to the amount of power being uti- 
lized by the granulator in order to operate the granula- 
tor near its maximum rate of production- Preferably, 
the granulator is driven by electricity and the electri- 
cal load drawn by the granulator motor is monitored and 
used to control the output frequency of a variable- 
frequency power supply which powers a metering device 
and a conveyor which feeds material to the granulator in 
response to the load on the granulator, to keep the load 
on the grai.ulator within predetermined limits. 

Similarly, the conveyor used to feed whole 
tires to the first shredder may be controlled in 
response tc observation of the power utilized at any 
particular time by the shredder, so that the shredders 
and the granulator both operate at or near their maximum 
capacities* 

/ 
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In another embodiment of the invention, a 
single shredder i 3 used, and Material which has been 
shredded once is fed directly to a first granulator 
which reduces the size of pieces to a predetermined 
intermediate size, with th.- rate of delivery of tires 
to .^..i.^t.^tanulator optionally being controlled in 
response to thu load experienced by the first granula- 
tor. Materia]* which have passed through the first 
granulator are stored temporarily and then fed to a 
second granulator at a rate controlled in response to 
the load experienced by the second granulator in the 
manner explained in connection with f.he first embodiment 
of tho invention. 

In both the first and second embodiments of 
the apparatus of the invention, magnetic material is 
removed from the pieces of material which have been 
shredded and granulated. » first magnetic separation 
removes loose magnetic , ma Venial , using a self-cleaning 
magnet to lift it upward from a conveyor carrying mate- 
rial away from the granulator. A second phase of mag- 
netic material removal is effected by passing the granu- 
lated material over a self-cleaning magnet of the type 
including a rotating drum inside which in located a 
magnet, with the magnetic material adhering to the out- 
side of the drum, while the nonmagnetic resilient 
material falls away from the drum. The magnetic mate- 
rial is then allowed to fall away from the drum at a 
location beyond the extent of the magnet located within 
the drum- 
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Accordingly, the present invention provides 
improved apparatus and a method for rapidly and 
efficiently reducing large quantities of bulky articles 
of tough, resilient materia:, suchas discarded 
5 pneumatic tire casings, int^» r..:idll pieces which can be 
used as fuel for combustion or raw materials for chemi- 
cal or mechanical reclamation of the content of the 
articles. 

The present invention also provides apparatur 
10 and a method for its operation which will assure use of 
the apparatus at a maximun capacity- 
It is an important feature of the present 
invention that it teaches operating shredder and granu- 
lator machines and feeding material into shredder and 
15 granulator machines at a rate controlled according to 
the loading experienced by the machines in order to 
process a maximum amount of material. 

As a result, the present invention provides 
apparatus and a method for its operation which permit 
20 reduction of tough resilient articles such as reinforced 
vehicle tire carcasses to saall pieces i?ore quickly ai.e 
efficiently than previously has been porsible. 

The present invention also enables the 
individual units of the included machinery to be 
25 operated at a rate which is closer to the actual 
capacity of each machine tnan has been possible 
previously. * 
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The for egoi „ g and other objective, featur 
ana advantage, of the pre 3 ent invention „,„ ^ 

-an y under3tood upon con3ideratioR of fonouin 

-taiied description of the invention taHen in cona- 
tion with the accompanying drawings . 

B rief Descri p tion of th „ n^ -^ 

1 is a block diagram .of an arrangement of 

apparatus for reducing discards 

9 ai3card *d pneumatic tires and 

"" cl " " «•»».« „ UrUl . into 

control devices, which ,ro * 

which are a preferred embodiment of the 
present invention- 

» „.,", FIC ' 2 " * plan vi<,u ° f a - 

FIG. 1. 

"G. 3 i3 a perspective view of a self- 
-Ptying hopper U3e d to feed articlea _ , f 
-ding the shredder ^ ^ 

invention. 

»<=• - I. , bloc* „.,„. ot ,„ , r „ noe „. nt of 

•pp«.t.. ™,„ cln , disc „ dsa pneMstlc titea ana 

"""" """" « '-" «-"•«. int0 

" control devices- uhir-K . 

1 WhXCh are anoth " embodiment of the 
present invention. 

™. = «. .p... ., „ _ 

-t Of H» a PP ,„ t „ s shou „ , b[ock 

FIG. 4. 
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FIG. 6 is a simplified pictorial viow of one 
type of self-cleaning magnet apparatus for removing 
magnetic material from materials which have been reduced 
to pieces of smaller size in accordance with the present 
invention . 

FIG. 7 is a simplified view of another self- 
cleaning magnet apparatus for removing magnetic material 
from materials which have been reduced to pieces of 
smaller size in accordance with the present invention. 

FIG. 8 la a simplified perspective view of a 
granulator of a type used in the con^ins* tion of 
apparatus according to the invention. 

Detailed Description of the Invention 

Referring now to FIGS. 1-3 of the drawings/ 
an arrangement of tire processing apparatus indicated 
generally by the reference numeral 10 includes a primary 
shredder 12 and a secondary shredder 14. Both of the 
primary and secondary shredders 12, 14 are preferably of 
the type known as rotary shear machines f and include a 
pair of intermeshed counter-rotating cutter rolls each 
incorporating a plurality of cutter disks including 
replaceable cutter segments defining edges which 
cooperate with one another as the cutter rolls rotate/ 
shearing material into pieces. Large pieces of material 
will thus be cut into. smaller pieces having a dimension 
determined in part by the thickness of one of the cutter 
disks of one of the intermeshed cutter rolls. A pre- 
ferred machine for use as one or both of the primary 
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shredder 12 and secondary shredder 14 is de 3 cribed in 
Rouse, et tl., U.S. Patent No. 4,560.112. 

A size sorter 16 is used to retain large 
secondary pieces 41 of material discharged by the secon- 
dary shredder 14, so that they can be sent another tine 
through both the primary shredder 12 and secondary 
shredder 14, while seller, intermediate pieces 52 are ' 
Placed temporarily in storage and are later fed at a 
controlled rate into a granulator 16, to be reduced into 
a greater number of pieces each no larger than a prede- 
termined final granule size. The flow of materials is 
indicated in FIG. 1 by wide arrows, while control con- 
nections are indicated by single-line arrows. 

The granulator 18, shown in greater detail in 
FIG. 8, is preferably of the type including a pair of 
stationary horizontal bed knives 19 and a rotor 21 
having a plurality of short rotary knives 23 preferably 
carried on the rotor 21 in a staggered arrangement, 
but each passing within a distance of, for example, 
0.005-0.020 inch of the bed knives 19 as the rotor 
turns, in order to shear and crush the smaller pieces of 
material into granules which are small enoughs pass 
through the apertures 25 defined by a screen 27 which 
surrounds the lower portion of the rotor. Such appara- 
tus is well known for use in reducing plastics m 3 terials 
to pieces of desired cizes for reprocessing, and an 
acceptable granular for the purposes^ the present 
invention is manufactured by Cumberland Engineering 
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Company; 3 division of Leesora Corporation* of 
Attleboro, Massachusetts, as its Model 3250 gronulator. 

The size sorter 16 may be of the rotating drum 
type including a rotating cylindrical screen 2C defining 
apertures 22 cf the appropriate size. The cylindrical 
screen 20 is rotated about an axis 24 which is inclined 
with respect to the horizontal, so that material which 
has not fallen through the aportures 22 is carried down- 
ward and discharged from the lower e~d 26 into a refeed 
conveyor 28 which returns into the primary shredder 12 
thoee l*rge secondary pieces 41 which are too large to 
pass through the apertures 22. 

Explaining the apparatus 10 in greater detail/ 
large quantities of materials, such as tires 30 to be 
reduced to granules of ? orede te rmined final size are 
placed into an infeed hopper 32, shown in FIGS. 2 and 3. 
Preferably, the infeed hopper 32 is equipped with a 
"walking" floor 34, which will be explained in greater 
detail subsequently, by means of which the infeed hopper 
32 unloads itself at a controlled rate to send a regular 
supply of tires 30 along a conveyor 36 from the infeed 
hooper 32 to a main infeed conveyor 38 which leads to 
the primary shredder 12. 

Referring now to FIG. 3, the ir.feed hopper 32 
has a valking bottom 34 which continuously moves tires 
30 towarO a discharge end 35, where they are received by 
the conveyor 36 for transport into the primary shredder 
12. Except at the portion of the discharge end 35 where 
the conveyor 36 is located, upstanding outwardly sloping 



vails 37 are provided around the talking floor 34 to 
retain tires 30 and the like as t.hey are deposited by 
bucket loaders, for example, carrying the tires fro* 
locations 3uch as piles where they are initially 
5 deposited after collection ftom sources of discarded 
tires or the like. 

The walking bottom 34 is a pair of ir.te rmeshed 
decks 49 and 51, each including a 3et of parallel 
long i tudinally-extending support mewbers 39 supported 
10 . from beneath by cross members 53 and 55 on which are 
mounted bearings rotatably carried on eccentrically 
bored discs 45, 47 acting as crank throws and r.ounted on 
and keyed to a pair of parallel shafts 43 extending 
transversely beneath the walking floor for rotation with 
15 the shafts to £i>.:cH.on as opposing throws of cranXs, 

The shaft.3 M*i are rotated continuously by a ootor (not 
shown) connected to the shafts 43 by endless belt or the 
like, so as to have the uppermost ones of the support 
members 39, all of the members 39 of cne of the inter- 
20 meshed decks 49 and 51 moving toward the discharge end 
35 at any time, while the support members 39 of the 
other deck, being lower than and out of phase with the 
higher ones, are moving rearward, in preparation for the 
f orward-uoving portion of the cycle of movement imposed 
25 by the shafts 43 and the eccentric discs 45, 47, A cer- 
tain amo;*irt of reciprocal vertical motion is imparted to 
the tires 30, helping to avoid jamming, so that a rela- 
tively steady flow of tires 30 onto the conveyor 36 is 
provided. 
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Tires 30 passing a first time through the 
Pri,ary shredder 12 ere sheared into primary pieces 40, 
or shrews, most cf which have an elongate narrow otrip 
shape, with the wid .hs of most strips corresponding at 
least in part to the thickness of respective ones of the 
several cutter discs of the shredder 12. The primary 
Pieces 40 of such tires, etc., which have once passed 
thresh the primary shredder 12 are discharged onto a 
conveyor 42 which carries them to the secondary shredder 
14. Piece, of material, for convenience called secondary 
pieces 41, which have been shredd.d in the secondary 
shredder 14, are discharged onto a conveyor 44, which 
carrier them upward and deposits them in an infeed 
honper of the cylindrical rotating screen 20 which i. 
the basic part of th fc size sorter 1G. 

Intermediate pieces 52 are pieces of material, 
no larger than a predetermined intermediate size, which 
fall through the apertures 22 of the screen 20 into a 
conveyor 46 which carries them to a temporary storage 
location 48. A metering unit 50 is located so as to 
accept the intermediate pieces 52 of material which have 
passed through the apertures 22 and have b,an conveyed 
therefrom to the temporary storage location 40. The 
metering unit 50 is . d evice, such as an auger-type con- 
veyor driven by an alternating current electric motor 
whose speed is controlled by the frequency of the AC 
current powering it. The speed of the metering unit 50 
is directly proportional to the AC frequency so the 
metering unit 50 delivers the intermediate pieces 52 
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from the storage location 43 at rate directly related to 
the speed of the metering ur.it 50, to a ccnveyor 54 
which carries them to the granulator 18. 

The granulator 18 includes a feed bopper 56, 
equipped with a feec level sensing device 58, which may 
be an electro-optical device, for example- The feed 
level sensing device 58 detects the presence of material 
within the feed hopper 56 above a certain level, and 
provides an electrical signal in response- 

The granulator 13 is preferably driven at a 
constant speed by ai alternating current electric meter 
60, for example a th ree-phase synchronous AC motor, 
whose speed i3 directly porportionai to the frequency or 
alternation of the current driving the mocor 6C. 

Material vhich is fed into the grar.ulator 16 
remains within the granulator 18 until it ha* teen 
reduced in size to the predetermined final crar.ule size, 
for example a size able to pass through circular holes 
whose diameter is 3/4 inch, and final size crir-ules 61 
are discharged into a vibrating pan outfeed conveyor 62. 
A first magnetic separator 64 is located above the 
outfeed conveyor 62, so as to lift magnetic materials, 
such as pieces of wire which had been a part of tread 
reinforcing belts cr bead reinforcing wires ar.4 cables 
of tires 30. The lirst magnetic separator 64 ss pref- 
erably a self-cleaning magnet, and may be of the type 
including an endless flat belt (FIG. 6) running between 
a magnet and the final size granules, or it may be a ' 
self-cleaning magnet of the rotating druit type (ree 
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FIG. 7). In either case, the first magnetic separator 
64 removes a large portion of the magnetic materials 
which have been freed from the surrounding rubber, as 
well as some of the other reinforcing materials such as 
natural or synthetic fiber reinforcing cords which are 
often intertwined with th* wires of tread reinforcing 
layers vhic.n hove beer, sheire- ^nd cut apart by the 
shredders 12 and 14 and gianulator IB. 

A conveyor 66 is preferably provided to carry 
the magnetic materials and accompanying fiber and other 
materials away from the granulator IB to a location 60 
where they are accumulated for subsequent disposal. 

A discharge conveyor 70 carries the remaining 
final size granules 61 of the tough resilient material 
5 toward a final conveyor 72, and a secondary magnetic 

ocparator 74 is located between the discbarge end of the 
discharge conveyor 70 and the infoed end of the conveyor 
72. Preferably, the secondary magnetic separator 74 is 
of the rotary drum self-cleaning magnet type and is 
20 located so that materials discharged from the end of the 
discharge conveyor 70 fall upon and are required to pass 
along the surface of the rotary drum of the secondary- 
magnetic separator 74, as shown in FIG. /. Magnetic 
materials are magnetically attracted to the surface of 
25 Urn rotary drum and adhere to it while the non-msgnotic 
materials fall freely onto the final conveyor 72, which 
than carrion those final size granules 61 of non- 
magnetic material to a final discharge location 76, whero 
the oatoridl may be atored or placed into a vehicle 
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The apparatus* 10 is controlled and sperated in 
accordance with the present invention preferably by an 
operator located in position to observe and control the 
speed of operation of the walking floor 34 of the infeed 
hopper 32, and the speed of the conveyors 42, 44. and 
46, so as to control the load imposed upon the primary 
and secondary shredders/l2 and 14. Preferably, load 
sensors 78 and 80 are associated respectively with one 
or both of the primary shredder and secondary shredder 
12 and 14. Such load sensors may, for example, be 
ammeters connected to measure the amount of current 
drawn by electric motors driving the shredders 12 and 
14, and provide electrical signals to a main controller 
62. The controller 82 is preferably a suitably 
programmed digital electronic conouter able to accept 
commands from the operator and to accept information 
from sourceo such as the load sensors 78 and =0. The 
main controller 82 is al 30 connected to a gra.alator 
controller, or secondary controller 84, a digital com- 
puter which may be separate from or be included within 
the controller 82. 

A variable frequency power supply C6 receives 
normal line AC electrical power from a power source 90 
su.-h as a commercial power connection which is also used 
to power the controller 82. The controller e 2 may be 
used in rcsponoo to the operator's commands to control 
the speed of the wolklng floor 34, conveyor 36. main 
infeed conveyor 30, «„<j conveyors 42, 44, and 46 by 
altering the frequency of the AC power supplied to the 
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electric motors of those devices by the variable fre- 
quency power supply 86, to increase or decrease the rate 
of delivery of tires 30 to the primary shredder 12. 

Connected with the granulator lo is a load 
sensor 92, preferably an anmeter measuring the current 
required to drive tr,e granulator 18 and an associated 

analog-to-digital converter for providing a signal to 

j 

the secondary controller 84. The secondary controller 
84 is appropriately connected to a metering unit vari- 
able frequency power supply 94 which provides power at a 
controlled frequency to drive the metering unit 50 and 
the associated conveyor 54. The 3eco.idary controller 84 
is programmed to vary the rate of delivery of inter- 
mediate pieces 52 tc the granulatot 18 in response to 
signals from the feed level sensing device 58 and 
load sensor 92, to naintaip the load imposed on the 
granulator motor as close to the rated capacity of the 
motor as possible, for example within the range of 
95-105% of the continuous load rated capacity, without 
permitting the feed hopper 56 to overflow. 

Preferably, the size of the apertures 22 and 
the sizes of cutter discs in the primary and secondary 
shredders 12 and 14 are chosen so that the required 
amount of reduction of size of the intermediate pieces 
52 is within the capacity of the granulator 18. Such an 
arrangement is to ensure that the primary and secondary 
shredders 12 and 14 will not be forced into idleness by 
backups caused by insufficient capacity of ti> granula- 
tor 10. On the other hand, it is to bo understood that 
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there probably will be occasional periods when the com- 
ponents of the system will be stopped for mir.or repairs 
of the primary and secondary shredders 12 and 14 and for 
ordinary preventive maintenance to be conducted on the 
shredders and on the granulator 18. However, the 
arrangement disclosed provides for a maximum capacity 
for processing large articles of tough resilient mate- 
rials/ such as tires/ into final sized granules 61 
appropriate for chemical processing or for further 
mechanical processing of the granules. 

Referring now to FIGS. 4 and 5, a system of 
apparatus 100 which is an alternative embodiment of the 
present invention includes a shredder 102, a primary 
granulator 104, and a secondary granulator 106. The 
primary shredder 102 is preferably similar, to the shred- 
ders 12 and 14 described previously, and the primary and 
secondary granulators 104, 106 are preferably similar to 
the granulator 18 described previously, although the 
primary granulator 104 is equipped with a screen having 
larger apertures than M\ose of the secondary granulator 
106 or the granulator 18 of the apparatus 10. A main 
controller 108 and a secondary controller 110 are simi- 
lar to the main controller 82 and secondary controller 
84, and control, respectively , variable frequency power 
supply 112 and variable frequency power supply 114. A3 
in FIG. 1, tiie flow of materials is indicated by wide 
arrows, while control signal flow and connect iono arc 
indicated by single-line arrows in FIG. 4. 
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An infeed hopper 116 is equivalent to the 
infeed hopper 32 and includes a walking floor 118 whose 
speed is controlled by the variable frequency power 
supply 112. Similarly, a main infeed conveyor 120 
carries large pieces of tough resilient material such 
as tire3 121 to the primary shradder 102 at a speed / 
which may be controlled by the variable frequency power 
supply 112. The shredder 102 shears the large pieces 
into primary pieces 122, corresponding to the primary 
pieces 40 produced by the primary shredder 12. Primary 
pieces 122 are carried by a conveyor 124 to the primary 
granulator 104, which is equipped with a screen having 
large enough apertures to permit it to accept the 
primary pieces 122 and reduce them into intermediate 
size pieces 126 at a rate comparable to the rate^at 
which the primary shredder 102 is able to shred. tires. 

Preferably, load sensors 123 and 130, respec- 
tively, detect the amount of load imposed on the motors 
driving the primary shredder 102 and primary granulator 
104 and provide appropriate electrical signals to the 
controller 108 in response thereto. Preferably, a feed 
level sensing device 132, which may be similar to the 
feed level sensing device 50 described previously, is 
provided on the primary ganulator 104 and provides an 
indicative signal to the controller 108, should the 
amount of primary pieces 122 in the infeed hopper of the 
primary granu'iajtor 104 become excessive. 

Intermediate pieces 126 are conveyed by a 
conveyor 134 to a temporary storage location 136. 

/ 
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In accordance with the present invention the 
secondary granulator 106 is operated preferably at 
maximum sate capacity, determined by the limits of the 
granulator itself and the electric motor driving it. 
Intermediate pieces 126 are fed to the secondary granu- 
late: 106 from the temporary storage location 136 by a 
metering unit 138 and conveyor 140, operated at a 
variable speed controlled by the provision of variable 
frequency electric power from the variable frequency 
power supply 114, as controlled by the secondary con- 
troller 110, in response to signals from the load sensor 
142, indicating the amount of load on the motor of the 
secondary granulator 106, and further in response to 
signals provided by a feed level sensing device 144. 
The feed level sensing device 144 is associated with a 
hopper 146 of the secondary granulator 106 to provide a 
signal to the secondary controller 110, should the 
infeed hopper 146 be filled above a predetermined maxi- 
mum level. The load sensor 142 -*nd feed level sensing 
device 144 may be, respectively, similar to the load 
sensor 80 and load level sensing device 58. Thus, the 
secondary controller is programmed to increase or 
decrease the frequency of the alternating current pro- 
vided by the power supply 114 so as to keep the secon- 
dary granulator 106 operating under a load of 95-105% of 
the rateJ sustained load capacity of its motor, so long 
as the level cf materials in the infeed hopper 146 is 
not too high. 
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Final size granules 143 are carried away from 
the secondary granulator 106 by conveyors 150, 152 to be 
stored or immediately transported. Magnetic material 
separators 154 # 156, located similarly to the locations 
of the magnetic separators 64 and 74 in the apparatus 10 
described above, remove nagnetic material such a3 tread 
belt wires and rim bead vices from the f'.ial size granu- 
les resulting from comminution of vehicle tires. A 
conveyor 158 carries such magnetic materials to a 
rtorage location 160 to avait transportation for further 
reclamation is desired. 

Usinr the apparatus 10 or 100 according to the 
present invention, passenger vehicle and truck tires may 
be reduced to pieces having maximum dimensions of one 
inch or les3 at a rate of several thousand tires per day. 

The terms and expressions which have been 
employed in the foregoing specification are used therein 
as terms of description and not of limitation, and there 
is no intention, in the use of such terms and expres- 
sions, of excluding equivalents of the features shown 
and described or portions thereof, it being recognized 
that the scope of the invention is defined and limited 
only by the claims which follow. 
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The embodiments of the invention in which an 
exclusive property or privilege is claimed are defined 
as follows: 

1. A method for reducing large pieces of 
tough, resilient materials such as rubber vehicle tires, 
some of said largo pieces including magnetic reinforcing 
structures, into smaller pieces, comprising: 

(a; shearing said large pieces of material in 
a primary rotary shear apparatus of the 
type having cooperative counter-rotating 
cutter rolls, thereby reducing said large 
pieces into primary pieces at least some 
of which are elongate; 
(b) passing said primary pieces including 

said elongate pieces through a secondary 
rotary shear mechanism of tt.e type 
including cooperative counttn-rotating 
cutter rolls to further reduce the size 
of primary pieces of material and prodvjce 
secondarv pieces; 
(c) sorting from the secondary pieces which 
* have passed through both the primary and . 
secondary rotary sh-sar machines inter- 
mediate pj.^ces whicn are smaller than a 
predetermined maximum size and secondary 
pieces which are larger than said prede- 
termined maximum size; 
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(d) repeating steps (a), (b), and (c) with 
respect to said secondary pieces which 
are larger than said predetermined 
maximum size; 

(e) placing said intermediate pieces which, 
are smaller than said predetermined 
maximum size in a temporary storage 
location; 

(f) removing some of said intermediate pieces 
from said temporary storage location at a 
controlled rate; 

'(g) granulating said intermediate pieces and 
reducing the size thereof in a granu- 
lator, to produce granulated materials 
having a predetermined smaller final 
granule size, at the maximum rate at 
which said granulator can be operated 
continuously; 

(h) magnetically lifting loose pieces of 
magnetic material from among said 
granulated materials; 

(i) thereafter moving the remaining granu- 
lated materials over a self-cleaning 
magnet and magnetically attracting and 
removing additional magnetic material 
from said remaining granulated materials; 

(j) permitting non-magnetic portions of said 
granulated materials to fall free from 
said self-cleaning magnet; and 
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(k) thereafter conveying said non-magnetic 

portions of said granulated materials to 
a discharge location. 

2. The method of claim 1, further including 
the steps of driving said primary rotary shear apparatus 
electrically, measuring the electrical load drawn by 
said first shredder, and conveying, whole large pieces of 
material to said first shredder at a rate controlled in 
response to the electrical load of said first shredder. 

3. The method of claim 1, including 
measuring the amount of. power required to granulate said 
pieces of material and adjusting the rate at which 
material is removed from temporary storage and delivered 
to said granulator, in response to the amount of power 
being used in granulating said pieces, so as to load 
said granulator substantially continuously to a maximum 
capacity at which said granulator is designed to operate 
cont inuously . 

4. The method of claim 3 including removing 
said pieces from temporary storage by apparatus driven 
by an alternating current electric aotor, and control- 
lir.^ the rate of said removal by varying the frequency 

* alternating current electrical power provided to said 
motor. 
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5. Apparatus for reducing tough resilient 
articles such as wire-reinforced rubber tires and the 
like into granules having sizes no greater than a prec* - 
termined maximum, comprising: 

(a) primary shredder feed conveyer means for 
carrying materials at a controllably 
variable speed; 

(b) a primary shredder of the type including 
intermeshed counter-rotating cutter rolls 
each including a plurality of cutter 
disks having respective edge portions 
which cooperatively act to shear 
materials into smaller pieces; 

(c) an inter-shredder conveyor arranged to 
receive materials from said primary 
shredder and transport them to a secon- 
dary shredder for further processing; 

(d) a secondary shredder of the rotary shear 
type including a pair of counter-rotating 
rolls each including a plurality of 
cutter disks having edges which cooperate 
to shear materials placed therebetween, 
located so as to receive materials 
carried theroto by said intor-shrcdder 
conveyor; 

(e) sorting means for receiving material from 
said secondary shredder and sorting said 
pieces of material into * first sort 
including substantially only pieces 
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having a size greater than a predeter- 
mined maximum size and a second sort 
having substantially only pieces smaller 
than said maximum size; 

(f) means for carrying said pieces cf said 
first sort to said primary shredder feed 
conveyor? 

(g) third conveyor means for delivering said 
pieces of said second sort to a temporary 
storage location; 

(h) a qranulator; 

(i) controllably variable metering means for 
delivering material from said temporary 
storage location to said granulator; 

(j) control means for regulating the speed of 
said metering means in response to the 
amount of power drawn by said granulator, 
so as to maximize the amount of material 
delivered to said granulator without 
overloading said granulator. 

6. The apparatus of clai:n 5 wherein said 
granulator is of tho type including a rote: having a 
plurality of knives extending substantially axially 
along and spaced apart from an axis of rotation of the 
rotor, at least ono stationary bed knife defining a 
cutting odgo for cooperating with said knives, and a 
sizing screen surrounding said knives on an outfeed side 
and defining apertures large onough to permit pr.ssage of 
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particles of said material which are no greater than a 
predetermined maximum final granule size. 

7. The apparatus of claim 5, including an 
infeed hopper having controllable means for delivering 
whole tirfe3 therefrom to said primary shredder feed 
conveyor means at a controllable rate. 

8. The apparatus of claim 7 wherein said 
_cont rol lable means comprises a walking-floor apparatus 

driven by s variable speeO motor. 

?. The apparatus of claim 6 wherein said 
walking-floor apparatus comprises: 

(a) a plurality of longitudinally-extending 
support members; 

(b) a shaft and eccentric mejns associated 
therewith for moving said support 
:no:nbers; and 

(c* r,euns for connecting said plurality of 
support members to said eccentric means 
so as to be mcved thereby with some of 
said support members being moved- out of 
phase with the remainder of said support 
.. "members. _. " " .._ 
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10. A method for reducing large pieces of 
tough, resilient materials, such as pneumatic tire 
casings including reinforcing wire, into smaller pieces, 
comprising : 

(a) shredding said large pieces of material 
in a rotary shear apparatus of the type 
having counter-rotating cutter rolls, to 
reduce said large pieces into primary 
pieces; 

(b) reducing the size of said primary pieces 
by passing said primary pieces through a 
first granulator, producing intermediate 
pieces no larger than a predetermined 
intermediate size;, 

(c) thereafter delivering said intermediate 
pieces of material to a second grar.ulator; 

(d) passing said intermediate pieces of 
material through a second granulator and 
producing therefrom within said second 
granulator final size granules of aate- 
rial of a predetermined final size which 
is smalJer than said predetermined 
intermediate size; 

(e) measuring the amount of power being used 
by said second granulator during step 
(d); and 

U) controlling the rate ut which said 

intermetidatc pieces of material are 
delivered to said second granulatorin 
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response to the amount of pover usee by 
said secondary granulator. 

11. The nethod of claim 10, including tie 
further step of magnetically lifting a quantity of 
magnetic material from among the final size granules of 
material, and conveying the remainder of said final size 

; 

/granules of material to a predetermined location. 

12. The method of claim 11, including the 
further step of magnetically attracting and holdirr; 
additional pieces of magnetic material and removir.g their, 
from said final size granules of material, and per- 
mitting said final size granules to fall away fron. said 
additional pieces of magnetic materials. 

13. The method of claim II, including the 
step of removing additional magnetic material fron. said 
final size granules of material by passing said final 
3ize granules over a self-cleaning nagnet of the 
revolving drum type and permitting non-magnetic portions 
of said materials to fall away from said dr-im whiHe 
magnetic materials are retained magnetically on l^je 
surface of said drum. 
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Apparatus for reducing tough resilient 
articles such as .ire-reinforced rubber ^ ^ ^ 
UKe into pieces having sizes no ^ ^ 

termined final si*., comprising: 

(a) shredder feed conveyor means for carrying 
tou 3h resilient articles at a control- 
/ lai'y variable speed; 

/ (b) a shredder; 

<c) sec-.nd conveyor means arranged to receive 
materials from said shredder, for trans- 
porting materials from said shredder to a 
first granulator; 
U> first granulator means for reducing the 
size of pieces of materials whicl, have 
been shredded by said shredder and 
Producing intermediate pic-ces of an 
intermediate size- 
Is > metering means for deUvering , stored 
quantity of said intermediate p.ieces of 
-terial f r0 m said first granulator to a 
conveyor; 

<*> 3ocoM granulator means for reducing said 
intermediate pieces of material to a pre- 
determined seller fi„ ol granule ^ 

(3) third conveyor moans for acccptin, said 
intermediate pieces from said metering 
•noans and delivering thcmtos.id second 
granuSator means; 



30- 



1279051 

(h) load sensing means for determining the 
amount of work being performed by said 
second granulator means while reducing 
intermediate pieces of material to said 
final granule size; and 

(i) control means responsive to said load 
sensing means, for controlling the speed 
pf said metering means and said third 
conveyor means in response to the load 
imposed on said second granulator means. 

15. The apparatus of claim 14 wherein said 
shrcJder is of the rotary shear type inducing inter- 
meshed counter-rotating cutter rolls each including a 
Plurality of cutter disks having respective edge por- 
tions which act cooperatively to shear materials into 
smaller piece?;. 



U. The apparatus of claim 14 wherein said 
second jranulator neans is electrically driven and said 
load sensing means includes means for measuring the 
amount of electrical power utilized by said second 
granulator means, and wherein said "control means 
includes variable frequency power supply means for 
controlling tho speed of said third conveyor means in 
response to tho amount of load on said granulator means. 



/ 
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17. The apparatus of claim 16 wherein ac 
least said third conveyor aeans is electrically driven 
by a motor whose speed is responsive to the frequency of 
variable frequency power supply. 

18. The apparatus of /claim 14, including an 
outfeed conveyor, wherein said first magnetic separation 
device includes a magnetic field-producing means located 
above said outfeed conveyor and moving belt means 
between said outfeed convc -or and said second granula- 
tor, for carrying granulated magnetic material, and a 
second magnetic separation device located proximate a 
discharge end of a discharge conveyor, including a 
magnet located inside a drum and means for rotating the 
drum, so as to attract jad hold magnetic material 
against the outside of said drum as material goes over 
the drum, and to release magnetic material at a position 
where it will fall from said drum separately from non- 
magnetic material delivered to the drum surface by said 
discharge conveyor. 

19. Tho apparatus of claim 14, further 
including second load sensing mo>ns for determining the 
amount of. power being consumed by said first granulator 
means during Its operation to reduce the size of pieces 
of material which have boon shredded by said shredder 
and control moans responsive to said second load sensing 
means, for controlling the speed of said first conveyor, 
said shredder, and said second conveyor in response to 
tho load on said tlrst granulator. 
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20. The apparatus of claim 14, further 
comprising a metering feed hopper for receiving laige 
pieces of tough resilient materials such as reinforced 
rubber tires and delivering said articles at a variably 
controlled rate to said shredder feed conveyor means, 
including : 

(a) a plurality of upstanding sidewalls 
defining a discharge end; 

(b) a bottom associated with said sidewalls; 

(c) a plurality of longitudinal support mem- 
bers included in said bottom and extend- 
ing therealong toward said discharge end; 
and 

(d) motor means for moving said longitudinal 
support members cy^licly, at least a 
portion of each of said support member 
moving in a circular path of motion 
defined in a vertical plane, and some of 
said members being out of phase with the 
remainder thereof. 
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